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Abstract Skills enabling and ensuring universal access to

information have been investigated intensively during the

past few years. The research results provide knowledge on

the differences and digital divides. When examining ICT

skill levels, the accuracy of assessment is one of the key

issues to address the results and gain the applicable data for

appropriate interventions to enhance digital inclusion. To

date, ICT skill assessment is based mainly on self-reports

and subjective evaluations. However, as previous studies

have shown, people tend to overrate or underrate their own

levels of competence. Thus, novel performance-based

approach for assessing ICT skills is presented in this paper.

The ICT skill test contains 42 tasks grouped into 17 ICT

fields. The study was conducted with upper comprehensive

and upper secondary level school students (n = 3159) and

their teachers (n = 626) during years 2014–2016 in Finland.

Using factor analysis, three ICT skills factors were created:

basic digital skills, advanced technical skills, and profes-

sional ICT skills. The performance in the ICT skill test was

also divided by gender, as the male students and teachers

outperformed the female students and teacher. Outperfor-

mance also occurred by educational level, as both upper

secondary level students and teachers were seen as

possessing higher-level ICT skills than students and teachers

at the comprehensive level. We thus argue that to compare

the ICT skills and the validity of the assessments, we needed

to ensure consistent assessment for both students and

teachers. In addition, in order to diminish the ICT skill gap

among students, interventions using formal education are

urgently needed, and in particular, more attention should be

given to both teacher training and in-service training.

Keywords Skill assessment � ICT skills � Digital divide �
Formal education

1 Introduction

During the past few years, universal access to digital

information has received a lot of attention, as sufficient

ICT skills can enable citizens to utilise certain key services

in digitalised societies [1–4]. Consequently, ICT skills are

important for educational systems and strategies when

avoiding digital gaps citizens’ exclusions from basic ser-

vices in society and when ensuring universal access to

information, see [5, 6]. An open question, however, still

remains what these essential skills in digital societies

actually are. In the DIGCOMP framework project funded

by the European Commission to develop and understand

digital competence, five competence areas were cate-

gorised, namely information, communication, content cre-

ation, safety, and problem-solving competencies [6]. In

turn, Binkley et al. [7] defined twenty-first century skills as

ways of thinking, working, and living in a digitalised

world. Further still, Fraillon et al. [8] defined computer and

information literacy as the ‘individual’s ability to use

computers to investigate, create, and communicate in order

to participate effectively at home, at school, in the
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workplace, and in the society’ (p. 17). Consequently, the

skills related to information and communication technol-

ogy seem to be ever more important for citizens to have in

their lives. Quite often, research on universal access to

information turns into discussions on digital divides.

Research on the digital divide and digital inclusion has

moved during the past few decades from issues of avail-

ability and access of technology to research on the skills,

and further yet to the actual outcomes of Internet and

digital technology use [9, 10].

To analyse how to enhance digital inclusion using

education, accurate knowledge of the level of current

digital skills and competencies is needed. However, there

are several challenges for the instruments currently avail-

able for assessing ICT skills, namely a conceptual ambi-

guity in the definitions and the operations of the assessment

methods and the tendency of many of the instruments used

oversimplify ICT skills [11–13]. To date, ICT assessments

are often based on self-reporting and subjective evaluations

[11]. Yet, as previous studies have shown, when people are

making self-reports on skill assessments, they too easily

overrate or underrate their levels of competence, see

[12–14]. Therefore, an alternative approach for investi-

gating the current levels of ICT competencies was

employed here.

This paper reports the results of performance-based ICT

skills assessment for both students and teachers. In order to

improve education and ICT competencies in schools,

assessments of both students and teachers’ skills are nee-

ded. Hence, we investigate the differences between the

three factors of ICT competence regarding basic, advanced,

and professional ICT skills. The ICT skills test used con-

tained 42 performance-based items, which was then cate-

gorised into 17 fields of ICT skills (see Appendix 1). These

17 fields are based on the Finnish National Core Curricu-

lum [15], the content of the eSkills certification pro-

grammes of the Finnish Information Society Development

Centre, and the requirements of information and commu-

nication studies in Finnish universities of applied sciences.

We thus addressed the following research question:

How do students and teachers perform in the ICT

skill test by gender and educational level and which

kind of differences are there between the ICT skills of

students and teachers?

This paper contributes to universal access research that

can provide empirical results on how ICT skills assessment

is constructed and conducted for both students and teach-

ers. In this study, we evaluated ICT skills using three

factors and the results identify the differences among and

between the ICT skills of students and teachers. By using

the same performance-based test for assessing ICT skills

for students and teachers, the results and conclusions

offered on how to enhance digital inclusion through edu-

cation are more accurate than the results from only self-

reported evaluation.

2 Digital divides compared to digital skills

The goal, which is to ensure universal access to information

and thereby diminish digital divide, in recent studies has

shifted its focus on these digital divides from limitations in

access and availability of technology to differences in

technology use and actual skills [1, 16] and even further to

examine the differences in the benefits gained from Internet

and technology use across all life realms [9]. In the 1990’s,

primary attention was paid to inequalities in the availability

of technology and Internet access in various countries. These

considerations were strongly related to such issues as socio-

economic background, race, and residence [10, 16]. This

phase was called the first level of the digital divide.

Then, at the beginning of the 2000’s, the focus on digital

divide research shifted to examine actual differences in skills

and usage. When more people did gain access to the tech-

nology infrastructure, their skills and usage habits became

the focus of research, and insufficient skills were noticed as

playing a major role actual digital inclusion [17, 18]. This

phase became known as the second-level digital divide [17].

In their study, van Deursen and van Dijk [18] pointed

out that even though low-level educated individuals spent

more hours and visited the Internet more frequently than

medium- and high-level educated people, these lower

educated people did not benefit as much from being online

as the more educated people did. Low educated people

tended to engage mainly in social interaction and gaming,

quite time-consuming activities. Higher educated users

tended to consume the Internet less in terms of time,

though they used it in more beneficial ways and uses. For

example, they used the Internet for personal development,

information seeking, and following the news. Conse-

quently, highly educated people tended to use Internet in

ways that helped their knowledge and skills increase while

low educated users did not. It was then argued that Internet

usage habits can reflect known socio-economic differences,

and thereby, Internet use could tend to reinforce rather than

decrease social inequality, see, e.g. [9, 17].

The third level of the digital divide concerns the dif-

ferences in tangible outputs that users gain from Internet

use within certain populations that have broadly similar

usage profiles and relatively autonomous and unlimited

access to both the Internet and ICT infrastructures. In other

words, the issue relates to gaps in users’ capacity to

translate their time online into favourable offline outcomes.

Research on this third-level divide examines who benefits

and in what ways from Internet use [9]. In a societal
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context where Internet access is nearly universal,

researchers have now detected various feedback effects.

For example, outcomes achieved from the Internet use

provide useful feedback on people’s offline status, which in

turn influences digital inclusion factors as access, skills,

use, and motivation, see, e.g. [1, 9]. When van Deursen and

Helsper [9] examined the outcomes of digital engagement,

their results showed that most of the digital divide indi-

cators related to first of all skills and then their Internet

usage patterns. Further still, highly educated individuals

benefited more from being online than did less educated

people, particularly in the domains of commerce, institu-

tional government, and educational outcomes. The overall

conclusion offered by van Deursen and Helsper [9] was

that, although more and more people have gained access to

Internet, entity offers the most to the higher socio-eco-

nomic groups. Therefore, when information and services

are increasingly offered online, the number of potential

outcomes of such digitalisation increases. As people from

higher socio-economic group achieve better offline benefits

from their digital engagement than people of lower status,

inequalities in society may also increase.

According to van Deursen and Helsper [9] in societies

with near-universal Internet access, such as the Netherlands

(or the Scandinavian countries, including Finland), the

third-level digital divides have become crucial. This issue

is a challenge for formal education practices as well. As

Hatlevik et al. [19] pointed out, schools should identify

their students’ level of competence and make distinct plans

to equalise these observed ability differences. Further, in

terms of the school’s role in developing their students’ ICT

skills, Kivinen et al. [3] stated:

‘‘According to policy-makers, school should prepare

would-be citizens for the knowledge society by

teaching ICT-literacy, knowledge-assessment, and

skills of digital communication and cooperation. Yet

at the moment not all teachers have proficiency in

ICT themselves, pupils’ skills vary greatly, and many

of the established school practices may not be

smoothly compatible with the new objectives of the

professed information society’’ (p. 377).

According to Goode [20], educational institutions have

thus far also offered digital learning opportunities quite

heterogeneously.

3 ICT skills evaluation

3.1 Concepts

According to Siddiq et al. [11], the concepts and constructs

for ICT skill assessment should be conducted from either a

domain perspective (ICT, digital, or twenty-first century)

or a knowledge perspective (literacy, competence, and

related skills). In their systematic review, Siddiq et al. [11]

examined 38 assessment instruments for primary and sec-

ondary school students’ ICT literacy from years 2001 to

2014. Their review compressed the main dimensions from

different studies to those related to information, commu-

nication, content creation, safety, problem-solving, and

technical operational skills. The information dimension

contains issues such as browsing, searching, filtering,

evaluating information, storing, and retrieving information.

Communication references interact through digital tech-

nologies, sharing information and content, engaging in

online citizenship, and collaborating through digital tech-

nologies. Content creation includes developing content,

integrating and re-elaborating it, copyright and licences,

and computer programming. Safety involves protecting

devices, managing and protecting personal digital data,

protecting health, protecting the environment, and ‘net’

etiquette. Problem-solving in turn involves resolving tasks

by using digital tools, collaborative problem-solving,

innovating and creatively using technology, and identifying

digital competence gaps. Finally, technical operational

skills include the ability to solve technical problems,

identify needs and technological responses, and use basic

technical skills. [11].

Ferrari’s [6] DIGCOMP framework quite similarly

divides digital competence into information skills, com-

munication skills, content creation skills, safety skills, and

problem-solving skills. Information skills include brows-

ing, searching, filtering, evaluating, storing, and retrieving

information. Communication skills include interacting,

sharing, engaging, collaborating, net etiquette or ‘neti-

quette’, and managing digital identity. Content creation

skills in DIGCOMP are identical to the review of Siddiq

et al. [11] already mentioned here. Safety skills in DIG-

COMP refer to protecting devices, data and digital identity,

health, and the environment. Problem-solving skills in turn

include solving technical problems, identifying needs and

technological responses, innovation and creative technol-

ogy use, and identifying digital competence gaps [6]. Van

Deursen et al. [14] indeed remarked that Ferrari’s defini-

tions are technically oriented and based on the number of

devices used for online communication.

Helsper and Eynon [21] identified four distinct types of

digital skills: Creative, social, technical, and critical. Their

goal was to bring two important, but usually separate areas

of study together: research on digital skills and literacy and

research on the effective use of ICTs under the digital

inclusion agenda. Creative skills based on their approach

consist of uploading photographs, downloading music, and

learning to use a new technology. Social skills in turn

include participating in discussions online, making new
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friends, and uploading photographs. Technical skills

involve cleaning up viruses, participating in discussions

online, and learning to use a new technology. Finally,

critical skills involve judging the reliability of a source and

gathering information. Helsper and Eynon also [21] poin-

ted out that social and creative skills are more activity than

skills related. Van Deursen et al. [14] continued Helsper

and Eynon’s classification by stating it was based on media

literacy research, which suggested that skills should be

evaluated beyond the mere technical level and instead as

those skills relate to the ability to work with technologies

for specific social purposes.

The Internet Skills Scale (ISS) designed by van Deursen

et al. [14] measures five dimensions of Internet skills:

operational, navigation information, social, creative, and

mobile. Van Deursen et al. [14] argued that Internet skills

should be considered distinct from computer skills since

the use of the Internet requires more skills than the use of a

computer. For example, information searching or content

creation requires more than just the skills to use a com-

puter. The operational factor of ISS contains, for example,

abilities to download and save files, use shortcut keys,

connect to a WIFI network, and adjust privacy settings.

Information navigation skills include the abilities to decide

the best keywords for online searches or the skills to

navigate through web pages. The social factor of ISS

includes the ability to know which information to share

online or how to limit the audience on social media. The

creative factor contains skills, such as how to create

something new from existing online content, how to design

a web page, and the knowledge for how to apply online

content licences. The mobile factor in turn includes the

ability to install or download apps and keep track of the

costs of actual mobile app use.

When these assessments are conducted in the context of

formal education, the results of ICT skill assessment are

often desired to be applicable to the national curriculum

development [22] or for school-level planning [5]. In

addition, most of the research is often conducted with

student samples, such as secondary or high school students

[23, 19], university students [24], or teenagers in general

[2]. Quite a few of the studies (see, e.g. [5, 13]) have

assessed teachers’ ICT skills.

3.2 Assessment methods

There are a variety of methods used to conduct and eval-

uate ICT skill assessments, though surveys and self-reports

seem to be the most dominant methods. In her review of

Internet skill measurements and their assessments, Litt [25]

classified Internet skill assessment methods into: (1) survey

and self-reported measures, (2) performance/observation

measures, and (3) combined and unique assessments. In

surveys and self-reports, the dominant methods in the field

of Internet and technology skill assessment, participants

usually respond to a question or a set of questions about

their own competence levels (e.g. [25, 2]) or evaluate their

ability to perform specific tasks on the Internet (e.g.

[18, 26]). In the second type of assessment method (ac-

cording to Litt’s classification [25]), qualitative studies

prefer observation-based measures or interviews, which

incorporate ethnographic or practices. These types of

studies have focused on, for example, observing a person’s

actions during information search tasks [27, 28]. Interviews

in their turn typically consist of open-ended questions like

‘What are you strong in?’ [3]. Litt [25] also argued that the

majority of observation and performance Internet skills

studies have a structure that reminds one of laboratory-like

settings.

Task-based assessments are more unusual than assess-

ment methods are, based on self-evaluations when evalu-

ating ICT skills. Some studies have conducted a task-based

assessment in which participants performed, for example,

Internet tasks related to a holiday trip abroad [29] or

government issues [28]. Claro et al. [22] developed a task-

based assessment in their own virtual environment by

simulating an actual environment where ICT skills are

typically used. This virtual environment simulated com-

mon ICT applications and the tasks that were designed

emulated real-life school work situations. The problems

and tasks the participants solved in this assessment envi-

ronment related to information, communication, ethics, and

their social impacts. Moreover, Ainley et al. [5] used a

similar task-based test design in their assessment instru-

ment questions and for their tasks based on a realistic

theme, and these followed a linear narrative structure.

However, as Litt [25] summarised, performance- and

observation-based measures do have challenges due to

their time-consuming nature and the difficulties of cross-

comparison and replication. Self-reports were criticised for

their validity because of thee evaluations being subjective.

Further, Van Deursen et al. [14] argued that because per-

formance measurements are time-consuming and expen-

sive, there is an urgent need for more accurate and reliable

large-scale assessment instruments and more valid, upda-

ted, and nuanced self-assessments to have more general-

isable and diverse samples.

To summarise, when comparing the assessment meth-

ods, the majority of assessment instruments use self-re-

porting. Most are online tests with multiple choice

questions. Some have also included dynamic formats that

require participants to interact with the tasks. A few were

comprised of a dynamic task design that required some

interaction with the test environment. The majority of tests

are evaluated using quantitative methodologies [11]. In

addition, Siddiq et al. [11] argued that the majority of the
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tests assess digital information search, retrieval, evaluation,

and technical skills, though aspects like problem- solving

with ICT, digital communication, and online collaboration

are not covered to satisfaction. They also argued that there

is a lack of documentation of the psychometric properties

for many of the assessment instruments [11]. In the context

of our study, Finnish basic education and secondary edu-

cation level teachers’ ICT skills and practices have previ-

ously been investigated using a self-report questionnaire

[30] and a teacher online survey called OPEKA [31]. The

OPEKA group has currently developed a corresponding

online survey (OPPIKA) for students. Therefore, we argue

that performance-based assessments are indeed needed.

4 Research method, procedure, and data

In our study, student data were collected in Finland during

the years 2014 and 2015. Altogether, 41 upper compre-

hensive and upper secondary level schools were chosen for

convenience sampling, i.e. these schools were able to

choose whether they wanted to be involved in the study or

not. The students from the basic education level (grades

7–9/9) were tested one class at a time, so any bias caused

by self-imposed participation was as slight as possible.

Altogether, 3159 youths from 12 to 22 were tested, and of

those, 51.6% were boys and 48.4% were girls. The mean

age of the participants was 15.85 years. Further, 40%

(N = 1261) of the students came from the basic education

level (upper comprehensive schools, grades 7–9), and 60%

(N = 1898) from the upper secondary level. In the Finnish

education system, the upper secondary level is divided into

general (leading to the matriculation examination) and

vocational (leading to a vocational examination). Com-

monly, admission to higher education is based on the

results of the matriculation examination and/or entrance

tests, although both of the upper secondary level choices

provide an opportunity to continue to the tertiary education

level [32]. Of the upper secondary level students in this

study, 54% came from general upper secondary schools,

and 46% from vocational institutions.

Teacher data were collected in Finland during the years

2014–2016. The participating educational institutions

could choose whether to test only students or also test

teachers. The acceptable response rate among teachers

from those organisations that elected to join was 70%. All

organisations for which the response rate remained below

that level were removed from the final data. Altogether,

626 teachers from the basic education level (comprehen-

sive schools) and the upper secondary education level

(general upper secondary schools) were tested, and of that

total, 29.5% were male teachers, and 70.5% were female

teachers. The mean age of these participants was

45.04 years (min 25, max 65). Among the teacher data,

78% (N = 490) of teachers came from basic education

level schools, and 22% (N = 136) came from general

upper secondary schools.

ICT skills were measured using the digital, perfor-

mance-based ICT skill test. The test was the same for both

the students and the teachers. Altogether, the test consisted

of 42 task-based items, grouped into 17 fields of ICT skills

(see Appendix 1). Tasks were implemented in such a way

that the context (user interface, graphics) simulated com-

mon ICT applications and hence mirrored real-life settings.

Each field contained 2–5 items, and the participants could

achieve 4 points in each field, which could result in a

maximum total score of 68 for the ICT skill test.

The tested competence areas (17 fields) were chosen

based on the Finnish National Core Curriculum [15] cur-

rent at the time of test development, the content of eSkills

certification programmes (intended for working adults) for

the Finnish Information Society Development Centre, and

based on the requirements in the information and com-

munications technology field at the universities of applied

sciences. To ensure that these items were well understood

by all potential respondents, a usability testing was con-

ducted with upper comprehensive school students during

the software development process during the fall of 2013.

5 Dimension of ICT skills of students and teachers

As a preliminary analysis, we conducted exploratory factor

analyses to assess the construct validity of the scales used

in our study. We used the principal components factor

analysis with a varimax rotation to assess the factor load-

ings and dimensionality of our scales as well as to refine

the measures. The factor analysis was conducted using the

student data.

Before the exploratory factor analysis, we performed

Bartlett’s test of sphericity to investigate factorability of

the data, and Kaiser–Meyer–Olkin’s (KMO) test to mea-

sure sampling adequacy. These results indicated a signifi-

cant test statistic for Bartlett’s test of sphericity, Chi-square

14,397.196, df 136, p B .001, and a KMO value of .927,

meaning that the data were suitable for structure detection.

The exploratory factor analysis of the data, using the

principal component extraction method and a varimax

rotation of all the 17 items, revealed three factors with

eigenvalues over 2.0 (see Table 1). The first factor, ‘basic

digital skills’, with an eigenvalue of 3.35, included eight

items (Cronbach’s alpha = .81). The second factor, ‘ad-

vanced technical skills’, with an eigenvalue of 2.74,

included five items (Cronbach’s alpha = .75). The third

factor, ‘professional ICT skills’, with an eigenvalue of

2.22, included four items (Cronbach’s alpha = .66).
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This three-factor solution explained 49% of the total

variance, and the Cronbach’s alpha of the entire scale was

.86. This outcome provided support for conceptualising the

total ICT skills as a construct with the presented three

subscales. However, because the values of .7 or .75 are

often the ‘cut-off’ value for Cronbach’s alpha, see [33], at

least the third factor should be considered as regenerating

in the future in order to heighten its reliability estimate.

Eventually, all the item loads based on the exploratory

factor analysis were at least .49 or greater, which was a

sign of their practical significance.

The factor scores were normalised by dividing the factor

sums by the number of factor items to enable clear com-

parisons between the factors. After normalisation, the

range for each factor was 0–4 points. For the student data,

the average score on the basic digital skill factor was 1.995

out of 4 points, with a standard deviation of .787. The

average score on the advanced technical skill factor was

notably lower at 1.432, with a standard deviation of .867.

Obviously, the most difficult factor for students was pro-

fessional ICT skills, for which the average score was .657,

with a standard deviation of .53. The means and standard

deviations for the average scores for each ICT skill factor

are shown in Table 2. Likewise, for the teachers, the

average score on the basic digital skill factor was 2.331 out

of 4 points, with a standard deviation of .812. The average

score for the advanced technical skill factor was 1.595,

with a standard deviation of 1.063. The professional ICT

skills had an average score of .371, with a standard devi-

ation of .530, which was even lower than that for the stu-

dents’ performance for the same factor.

To examine the differences between the students and the

teachers for the three factors of the ICT skill test, the

analyses of variance (ANOVA) were utilised (see Table 2).

In basic digital skills and advanced technical skills,

teachers performed significantly better than the students

(basic digital skills: F = 95,729, df = 1, p B .001,

advanced technical skills: F = 17,951, df = 1, p B .001).

For professional ICT skills, the students in their turn out-

performed the teachers, and this difference was found to be

significant (F = 30,325, df = 1, p B .001).

5.1 ICT skills by gender

To examine whether there were any gender differences for

the three factors of the ICT skill test, an analysis of vari-

ances (ANOVA) was conducted comparing the factor

scores between the male and the female students (see

Table 1 Rotated factor

component matrix for the ICT

skills test fields

Factors

1 2 3

Factor 1: basic digital skills

Word processing .730

Spreadsheet .673

Social networking .660

Information seeking .656

Presentation .607

Basic use of computers .535

Image processing .508

Web content creation .487

Factor 2: advanced technical skills

Operating system installation and initialisation .718

Maintenance and updating .691

Software installation and initialisation .680

Information security .571

Information networks .552

Factor 3: professional ICT skills

Server environments .745

Database operations .730

Digital technology .664

Programming .551

Eigenvalue 3.35 2.74 2.22

Variance explained 19.72 16.13 13.07

Cronbach’s alpha .81 .75 .66
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Table 3) and also between the male and the female teachers

(see Table 4). Among the students, the average scores of

male students were discovered to be higher than the aver-

age scores of female students, though for basic digital

skills, the difference was not significant (F = 5694,

df = 1, p[ .01). Instead, the significant differences in

advanced technical skills (F = 245,111, df = 1, p B .001)

and professional ICT skills (F = 234,537, df = 1,

p B .001) were discovered by examining for gender. On

the contrary, among the teachers, we discovered significant

differences in all ICT skill factors (basic digital skills

F = 19,243, df = 1 p B .001, advanced technical skills

F = 109,592, df = 1, p B .001, professional ICT skills

F = 58,941, df = 1, p B .001), with male teachers being

more skilled in all three factors than females were.

5.2 ICT skills by educational level

The analysis of variance (ANOVA) was utilised in the

analysis of educational level differences for the three fac-

tors of ICT skills. Because there were three different

education levels contained in the student data, the p values

from ANOVA were adjusted using the Bonferroni

correction for multiple comparisons. Among these stu-

dents, there were significant differences for educational

levels in all factors of the ICT skill test (basic digital skills

F = 232,871, df = 1, p B .001, advanced technical skills

F = 86,217, df = 1, p B .001, and professional ICT skills

F = 17,268, df = 1, p B .001) (see Table 5). The paired

comparison indicated that in the case of basic digital skills,

all educational levels differed significantly from one

another, with the comprehensive school students being the

weakest and the general upper secondary school students

performing the best. For advanced technical skills, the

basic education students performed significantly weaker

than the upper secondary level students did, and in pro-

fessional ICT skills, students from the vocational institu-

tions significantly outperformed other education level

students.

Accordingly, in the teacher data (see Table 6) for all

ICT skill factors, upper secondary level teachers were

found to perform significantly better than basic education

level teachers (basic digital skills F = 9650, df = 1,

p B .01, advanced technical skills F = 18,459, df = 1,

p B .001, professional ICT skills F = 11,712, df = 1,

p B .01).

Table 2 Means and standard

deviations for the average

scores for ICT skill factors

ICT skill factor Students Teachers The one-way analysis of variance (ANOVA)

M SD M SD F df p

Basic digital skills 1.995 .787 2.331 .812 95,729 1 .000**

Advanced technical skills 1.432 .867 1.595 1.063 17,951 1 .000**

Professional ICT skills .657 .530 .371 .530 31,325 1 .000**

** p B .001

Table 3 ICT skills and gender differences for students

ICT skill category Female students Male students The one-way analysis of variance (ANOVA)

M SD M SD F df p

Basic digital skills 1.959 .766 2.025 .803 5694 1 .017

Advanced technical skills 1.189 .771 1.653 .886 245,111 1 .000**

Professional ICT skills .352 .520 .696 .723 234,537 1 .000**

** p B .001

Table 4 ICT skills and gender differences for teachers

ICT skill category Female teachers Male teachers The one-way analysis of variance (ANOVA)

M SD M SD F df p

Basic digital skills 2.241 .782 2.550 .845 19,243 1 .000**

Advanced technical skills 1.331 .945 2.234 1.066 109,592 1 .000**

Professional ICT skills .246 .501 .675 .881 58,941 1 .000**

** p B .001
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6 Conclusions and discussion

Research in digital inclusion has developed further and

shifted its focus during the last decade. Digital skills have

been recognised as an important aspect of success in highly

digitalised societies, and correspondingly the need of

assessing those skills has increased. Available instruments

for ICT skill evaluation, however, have generally been

insufficient. This paper reports a study on performance-

based ICT skill assessment in the context of formal edu-

cation for 3159 students and 629 teachers during the years

2014–2016.

After a preliminary factor analysis, three ICT skill fac-

tors were formed. The first factor, basic digital skills,

consists of basic operational, content creation, and infor-

mation searching skills. As expected, both students and

teachers performed best in basic ICT skills. The second

factor, advanced technological skills, consisted of more

technical issues such as software and operating system

installation and initialisation and maintenance and updat-

ing as well as the issues of information networks and

security. Both students and teachers tended to gain notably

fewer points from tasks belonging to this factor than those

belonging to the previous factor. Worth noticing was that

male teachers performed better on the first and second

factors than did students, and the performance of female

teachers in the first factor was better, although for the

second factor weaker than for students. The third factor,

professional ICT skills, included those skills needed for

tertiary educational level studies (in the ICT field) in Fin-

land. For both students and teachers, this factor was clearly

the most difficult, and only a few participants resolved the

tasks for this factor with high credits. It is worth noticing as

well that for this factor students were found to perform

noticeably better than both female and male teachers.

The previous study by Gui and Argentin [23] pointed

out that Italian high school students (aged 15–20) per-

formed best on basic operational skills, when that study

investigated their digital skills in theoretical, operational,

and evaluational domains. In a study of 15-year-old Chi-

lean students, Claro et al. [22] found that students were

able to solve tasks related to the use of information as

consumers (i.e. searching, organising, or managing infor-

mation), though struggled with tasks that related to the use

of information as producers (i.e. developing their own

ideas in a digital environment, refining digital information,

or creating representation). Calvani et al. [34] argued that

based on their results, students’ (aged 14–16) knowledge

and competences were inadequate, especially when shifting

from strictly technical aspects to critical cognitive and

socio-ethical dimensions that were involved in the use of

technologies. Van Deursen et al. [9] reported similar results

among the Dutch for ages 16 to over 60; these people

tended to manage basic operational (and communication)

tasks, but had shortages, especially in their ability to use

technology for creative purposes as information producers.

Table 5 ICT skills and educational level for students

Factor Basic education Upper secondary education The one-way analysis

of variance (ANOVA)
Comprehensive

schools

(grades 7–9/9)

General upper secondary

schools

Vocational

institutions

M SD M SD M SD F df p

Basic digital skills 1.683 .724 2.348 .714 2.026 .770 232,872 2 .000**

Advanced technical skills 1.187 .832 1.604 .841 1.570 .856 86,217 2 .000**

Professional ICT skills .458 .634 .536 .634 .625 .698 17,268 2 .000**

** p B .001

Table 6 ICT skills and educational levels for teachers

ICT skill category Basic education Upper secondary education The one-way analysis of variance (ANOVA)

M SD M SD F df p

Basic digital skills 2.279 .801 2.522 .827 9650 1 .002*

Advanced technical skills 1.500 1.030 1.937 1.114 18,459 1 .000**

Professional ICT skills .321 .607 .542 .822 11,712 1 .001*

** p B .001

* p B .01
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Our results in the current effort show that among the

students studied, gender did not relate to significant dif-

ferences in basic digital skills. For the tasks related to

advanced technical skills and professional ICT skills, male

students performed better than female students. The gender

difference noticed among students in ICT skills test per-

formance fell in line with previous research [35–37].

Overall, performance in ICT skills testing was highly

divided by gender and more general among all students.

Our results confirm the previous findings, namely that

young people’s technology skills are rather heterogeneous

(see, e.g. [34, 38], and the hypothesis stating that young

people are called ‘digital natives’ is not supported [38, 21].

Male teachers significantly outperformed female teachers

in every ICT skill factor [37]. The observed gender dif-

ferences among the teachers in our analysis are in line with

Ilomäki’s [37] research that found that male teachers esti-

mate their ICT skills as being higher than female skills.

Furthermore, examining the gender differences between

teachers and students, our research found that the basic ICT

skills of Finnish students are more equally distributed by

gender than are the same respective skills of their teachers.

As expected, educational level was found to be related

to ICT skills. Based on our data, the students in general

upper secondary schools and in vocational institutions had

better test results than comprehensive school students. This

finding is mainly due to the simple fact that upper sec-

ondary level students are older than comprehensive school

students. However, there also existed differences among

upper secondary level students, even though these students

were coevals. General upper secondary school students

outperformed students from vocational institutions in basic

digital skills and advanced technical skills. To the contrary,

students from vocational institutions performed better on

professional ICT skills. Therefore, not only age, but also

the field of education, and differences in students’ interests,

affected students’ ICT skills. Respectively, among teach-

ers, upper secondary school teachers gained better results

on all three ICT skill factors when compared to the other

teachers.

With respect to gender and educational level differences

among the teachers, it should be noted that in Finland all

teachers, in both basic education level and upper secondary

level education, are required to have a Master’s degree.

Teachers in grades 1–6 in the basic education level are

called class teachers (teaching de facto all subjects) and are

required to have a Master of Education degree, and

teachers in grades 7–9 at the basic level and all teachers in

the upper secondary level are required to have both the

Master’s degree in the applicable field of study depending

on the subject(s) they are teaching and in pedagogical

studies. In our teacher data, the effective size of the gender

difference was equal among teachers of grades 7–9 and

upper secondary level, although there did exist differences

for teachers’ teaching areas, and among those teachers of

grades 1–6 (class teachers), where all teachers have the

same educational background and the same teaching area.

Thus, among the teachers, the differences in ICT skills

were more likely the consequence of differences in moti-

vation, (leisure time) digital technology usage experience,

and the professional requirements of different education

level institutions than the consequence of other issues like

academic background or teaching area.

Obviously, these findings also relate to in-service

training and the interventions and staff development efforts

that need to be made for all teachers to improve their ICT

skills and thus ensure optimal digital skill learning oppor-

tunities for every student in the Finnish schools. According

to PISA 2012 in Finland, the amount of teachers who report

a high level of need to develop their ICT skills for teaching

is 17.5%, which is less than in OECD countries average

[39]. Weaknesses in teachers’ pedagogical ICT skills may

have been seen, but the extent of that of the problem is not

still fully realised.

We should also note that in a rapidly digitalising world,

digital services will be used and digital information

accessed everywhere in society. ICT skills can be learned

by using social media, playing mobile games, seeking

information, and running daily errands using the Internet.

Therefore, in addition to informal learning, formal educa-

tion should help ensure the ability to survive in a digital

society and let every citizen benefit from digital engage-

ment for in the future. It is very likely that the challenge is

that computer science or information technology is not

currently an independent subject at the comprehensive or

upper secondary level education in Finland. Consequently,

there are no such teachers in the schools, whose main

responsibility is the teaching of ICT skills. Instead it

becomes the responsibility of every teacher. That is why

strengthening all teachers’ ICT skills and narrowing

existing skill gaps between all teachers is essential when

seeking to obtain equal digital learning opportunities for

every student at all the educational levels.
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Appendix 1

Field No. of

items

Type of item Description of items

Basic operational skills 2 Multiple choice There were two tasks. First, the participants had to choose between seven

alternatives, namely the right answers (2) to the question: ‘How do you type

special characters, which are not included in the QWERTY keyboard (i.e. H,

�, ¥, 62)’. In the second task, participants had to choose, between seven

alternatives, namely which items were the correct answers to the question:

‘Which two statements about the clipboard are correct?’

Information seeking 5 Multiple choice and

open-ended questions

Participants had to choose between four alternatives, namely the best

information sources for the given situations (all together three tasks), from a

search query for a ‘web search engine’ (Task 1), and how to evaluate and

choose relevant and reliable outcomes for a given problem from the ‘search

engine results page’ (Task 2)

Word processing 2 Multiple choice

(matching)

In the first task, participants had to choose between five alternatives for what

modifications (paragraph and page formatting, header and footer) were

presented for the text documents. Then, similarly in the second task, they had

to choose, between five alternatives for the desired modifications to implement

(indexing, page numbering, and page break)

Spreadsheets 3 Multiple choice

(matching)

Participants had to choose between four alternatives for the right formula for the

spreadsheet cell, and similarly, between four alternatives, for the right

function to solve the presented task. In addition, they needed to choose

between five alternatives for the appropriate formatting actions to implement

(formatting and ordering of cell content)

Presentations 2 Multiple choice

(matching)

Participants had to choose between four alternatives for the best implemented

actions to take on the presented slide shows (by inserting background and

bullets/numbering, formatting charts and graphics) (two tasks total)

Image processing 2 Multiple choice

(matching)

Participants had to choose between five alternatives for the best implemented

formatting actions to present images (for formatting brightness and colours,

cropping the picture, and/or removing elements from the image)

Social networking 4 Multiple choice (case

examples)

Participants had to choose, between four alternatives for the most appropriate

and secure option for the social networking case (four tasks)

Web content creation 2 Multiple choice

(matching)

In the first task, participants had to choose from five html outputs the correct

match for the given html code (a simple example containing text, link, input

field, and font colours). In the second task, participants had to choose between

seven alternatives for the correct answer to the question: ‘Which two

statements about the (Finnish) exercise of freedom of expression in the mass

media are correct?’

Software installation and

initialisation

2 Multiple choice Participants had to choose between seven alternatives for the right answers to

two questions: ‘Which two statements about (options for installation, and

installation of media in) software installation are correct?’ and between the

four alternatives for the question ‘Which statement about (operations needed

during the) software installation is correct?’

Operating system

installation and

initialisation

2 Multiple choice Participants had to choose between four alternatives for the right answers to the

questions: ‘Which statement about operating system installation and

initialisation is correct?’ (two tasks)

Maintenance and

updating

2 Multiple choice Participants had to choose between seven and four alternatives for the right

answers to the question: ‘Which statement(s) about maintenance and updating

are/is correct?’ (two tasks)

Information security 2 Multiple choice In the first task, participants had to choose between four alternatives for the

correct action/conclusion in the case where web service store user passwords

in a clear text format. In the second task, they had to choose, between seven

alternatives for which two options were not proper information security

methods

Programming 4 Multiple choice In the programming tasks, participants needed to choose between four

alternatives to answer what the given code examples (2 pseudocode examples)

does, and what were the values of these variables after running (2 questions)
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